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Abstract: ZnO hierarchical structure has been synthesis by using chemical routs method. Hydra zinc nitrate, oleic acid, 
ethanol was used as row materials for the chemical reaction in the presence of NaOH. The Reaction took place at room 
temperature under stirrer. The prepared ZnO powder is collected and mixed with PVA to make a proper paste, then the 
paste was   screen-printed in 1 cm square pattern to makHWKLFNILOPV$IWHUZDUGVWKHILOPVDUHDQQHDOHGDW&Û for an 
hour. The morphology, crystallinity and structural properties are studied by X-ray diffraction, the experimental pattern of 
the films show very fine peaks indicate a good crystallization, also the morphology of the films studied by atomic force 
microscope and field emission scanning electron microscope. The sensitivity of zinc oxide NRs films to 100 ppm vapor 
methanol, ethanol and NH3 gas as a function of working temperature. As evident, the sensitivity increases with the 
temperature and reaches a maximum value in correspondence of T = 200-300 °C. If the temperature increases again, the 
sensitivity decreases. 
© 2014 The Authors. Published by Elsevier Ltd. 
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Introduction 
In the last year's low size (Nano,micro)materials have interesting attention due to their size dependent properties and 
wide range of applications in different fields such as industry, health and environment[1-5].ZnO is one of the II-VI semi-
conductors, it has a direct wide band gap(3.37 eV) and excitation energy (60 meV) [6,7], has great attention for 
researchers because of its electrical and optical properties which make it important material in many applications such as 
solar cell, chemical sensors, electroluminescent devices and ultraviolet laser  diodes[8-9]. Also ZnO have been studied as 
the active channel in manufacturing and development transistors according to its n-type electric properties, very good 
thermal stability and can be well oriented crystalline on different substrates [10]. Since the control of the size and shape 
of nanostructure materials plays main role and great effect on the physical properties of the materials[10,11],several 
methods and techniques [11, 12] are used to synthesize different materials including ZnO Nanostructures, such as Pulse 
Laser Deposition (PLD), Chemical Vapor Deposition (CVD), Chemical Bath Deposition (CBD), Hydrothermal and 
chemical reactions. The presence work depend the chemical method due to its simplicity in requirements and low 
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coasting with high quality product with various nanostructures depends on the preparation conditions and the row 
materials. 
Experiment Method 
P-type single crystal silicon (100) substrates were used in this work, each of 1 × 1cm2 area, of (8-10ȍڄcm  were prepared 
using a wire-cut machine. The silicon substrates were pre cleaned with standard procedure, first dipped in solution 
consisting of (10ml ammonia hydroxide,10ml peroxide and 50ml distilled ZDWHUKHDWHGDW&Û for 10 min.), second step 
dippHG LQ VROXWLRQ RI PO+&OPO GLVWLOOHG ZDWHU KHDWHG DW R&Û IRU PLQ WKLUG VWHS GLSSHG IRU  VHFRQG LQ
solution of(HF and distilled water with ratio 1:10) to remove native oxides finally washed in distilled water and dried. 
4.76gm of hydrate zinc nitrate Zn(NO3)2.6H2O (>99% shaula Spain)In 320 ml of deionized water and stirred for five 
minutes then 2.56gm of oleic acid and 80ml of ethanol was added wisely to the aqua solution, the mixture stirred for 15 
minutes .then we add a proper amount of NaOH to control the pH of the solution[9-11]as shown in figure (1) and stirred 
for three hours at room temperature without heating .Suspended white powder appears during the stirring process, then 
The suspend left to settle down in the bottom of the glass beaker after the end of stirring process. The powder collected 
by centrifuge washed several times with distilled water and ethanol. The powder is collected carefully. A proper amount 
of PVA is used to make the ZnO- PVA paste. The paste is screen printed in (1 cm) square pattern. The screen print is a 
simple technique to deposit thick films with exact pattern and then the thick films are dried in air DW&ÛIRUPLQXWH 
then, KHDWHGLQDER[IXUQDFHWR&ÛZLWKDUDWHRI&ÛPLQIRURQHKRXUWRUHPove the organic material. The aim of 
this work is to study and calculate some parameters to determine the structural properties of the prepared thick films 
which plays major role in the physical properties of the films. 
 
Fig. 1.Relation between PH solution and NaOH concentration. 
Structural properties 
The structure of the film is important factor affect the electrical and optical properties of the films. Many parameters 
determined the structure properties of the materials such as grain size, the shape of the grain, micro strain and dislocation 
density. The grain size can be defined as the cubic root of the volume of a single crystallite [13]. The micro strain is 
related to the lattice mismatch which depends on the deposition conditions [14], while the dislocation is a defect in the 
crystal associated with the misregistry of the lattice in one part of the crystal with that in another part [15]. 
Results and Discussion 
The prepared thick films were examined by X-Ray diffraction (miniflex II Rigaku, -DEDQ &X NĮ Atomic Force 
Microscope (AFM) and Field Emission Scanning Electron Microscope (FESEM) (Hitachi S-4160).XRD of the heat 
treated thick film result (fig.(2)) shows polycrystalline structure with major peaks in the direction(100),(002),(101) at 
different PH solutions (11, 10, 9). From the diffraction pattern it's obvious that the growth is dominated in the direction 
of (100) indicate preferential c-axis orientation of the crystal, also the x-ray pattern (c)shows that the prepared film from 
the solution with PH = 9 tends to be single crystalline in the direction(100) more than the other two pattern(a, b). The cell 
parameters (a and c) are calculated [16] by the relation: 
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The grain size[16, 17] is calculated using Scherer's equation:  
ܦ = 0.9ߣ/(ߚܿ݋ݏߠ)  (2) 
where D: the grain size , Ȝ $Û, ȕWKH):+0 and șWKHGLIIUDFWLRQDQJOH. 
Because of the heat treatment process, the thick film undergoes a micro strain and dislocations in its structure[18].The 
dislocation density is calculated by the equation: 
ߜ = 1/ܦଶ  (3) 
:KHUH įLVWKHGLVORFDWLRQGHQVLW\and the micro strain of the film is estimated using the equation: 
ߝ = ߚ cos ߠ/4     (4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tables (1,2,3) refers to the estimated values for grain size, dislocation density and micro strain, it's clear that dislocation 
density and micro strain increase with increasing PH while the grain size decrease with increasing PH. The Atomic Force 
microscope gives us good information about the morphology of the surface of the film. From the Granularity Cumulation 
Distribution Report of the (SPM) the average of grain size on the surface is found to be 100 nm and the roughness 
average of the surface of the film (a) =6.15nm, film (b) =7.66nm, film (c) = 5.34nm indicating relatively high roughness, 
figure (3 a, b, c) show the topography of the prepared films. The (FESEM) pictures show nanostructure sheets with 
different sizes as shown in figure (4a, b, and c) ,also nanorods appears for film (c). All the results of x-ray, (AFM), and 
Table (1) PH= 11 
Plane N0. D (grain 
size) 
nm 
Lattice 
parameter 
D$ÛF$Û 
Dislocation 
Density 
į(line2/m2) 
Micro strain 
ڙ 
     
100 23.4 3.2525 | 
5.311 
1.8 x 1015 1.48 x 10-3 
002 25.2  1.57 x 1015 1.37 x 10-3 
101 22.2  2.02 x 1015 1.56 x 10-3 
Table (2) PH= 10 
Plane No. D (grain 
size) 
nm 
Lattice 
parameter 
D$ÛF$Û 
Dislocation 
Density 
įOLQH2/m2) 
Micro 
strain 
ڙ 
     
100 25.1 3.256 | 5.31 1.58 x 1015 1.38 x 10-3 
002 25.25  1.56 x 1015 1.37 x 10-3 
101 25.4  1.55 x 1015 1.43 x 10-3 
Table (3) PH= 9 
Plane No. D (grain 
size) 
nm 
Lattice 
parameter 
D$ÛF$Û 
Dislocation 
Density 
įOLQH2/m2) 
Micro 
strain 
ڙ 
     
100 26.98 3.256 | 5.31 1.37 x 1015 1.28 x 10-3 
002 29.4  1.11 x 1015 1.17 x 10-3 
101 25.4  1.55 x 1015 1.36 x 10-3 
a 
b 
c 
Table.(1, 2, 3).The estimated  structural parameters at different PH 
solution.
Fig. 2.The (XRD) pattern of the annealed thick film for (a) 
PH=11, (b) PH= 10 and (c) PH = 9. 
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(FESEM) indicate that in addition to the preparation condition and heat treatment the PH of the solution play important 
role on the structural properties of the film. ZnO is one of the important materials in dye solar cell syntheses which is 
promising photovoltaic devices for energy production at low cost. The current-voltage (I-V) characteristic for the 
prepared films was investigated at short circuit and opened circuit for different illumination powers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a 
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Fig. 3.AFM picture of the surface of the thick film at different PH solution (a) PH=11, (b) PH= 10 and (c) PH =9. 
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Short-circuit current and open circuit voltage 
          Figure (5) and (6) shows the relation between short-circuit current (ISC) and open-circuit voltage (VOC) with the 
incident photon power of the halogen lamp for both devices. From the result obtained it is observed that there is a linear 
relation between ISC and VOC with the incident photo power to reach a maximum value beyond which both values for the 
two devices tend to saturated and become constant. This occurs due to the total separation of the photo-generated 
electron-hole pairs. For all cases the linear behavior of VOC versus incident power refers to good linearity of the prepared 
device to work as a detector or solar cell. 
 
 
 
Current-Voltage characteristics under illumination 
      Figure (7) (a, b and c) exhibits the photo electric behavior of the two devices under illumination condition. It is 
understood that photo electric effect result from light-induced electron-hole generation at the device and particularly at 
the depletion region of the p-type silicon. Under external reverse bias, depletion region of the device extends and as a 
result, more incident photons will contribute to the electron-hole pairs generation that takes place in the depletion region. 
The internal electric filed in the depletion region causes the electron-hole pairs to separate from each other and this bias 
becomes large with the applied external bias. From the following figure, we can see the increase in the   photo-current 
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Fig. 4.FESEM pictures for the annealed film at different PH solution (a) PH=11, (b) 
PH= 10 and (c) PH =9.. 
c 
PH= 9 
PH= 10 
PH= 11 
PH= 9 
PH= 10 PH= 11 
Fig. 5. Open circuit voltage as a function of the incident photo energy        
                  (n-ZnO/Si) device (a) PH=11, (b) PH= 10 and (c) PH =9.. 
Fig.6. Short circuit current as a function of the incident photo 
energy   (n-ZnO/Si) device (a) PH=11, (b) PH= 10 and (c) PH 
=9.. 
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Reverse Voltage 
with the increasing of incident light intensity, where the large intensity refers to a great number of incident photons and 
hence large of separated electron-hole pairs. 
 
 
 
 
 
 
 
Gas sensing 
The resistance of the film C was measured before and after exposure to gas. 
ܵ݁݊ݏ݅ݐ݅ݒ݅ݐݕ (%) = ห(ܴ௚௔௦ െ ܴ௔௜௥)/ܴ௔௜௥ห × 100                                                                                                                                    (5) 
where Ra is the resistance in air and Rgasis the resistance in a sample gas. 
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Fig.7. Photo-current as a function of the reverse voltage at different values of incident light power density (n-ZnO/Si) 
device (a) PH=11, (b) PH= 10 and (c) PH =9.. 
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Fig. 8.Relation between resistance and time of zinc oxide NRs film with different vapor methanol, ethanol and NH3 gas at different concentration. 
 
 
Fig. 9.Relation between sensitivity and temperature of zinc oxide NRs  film with 100 ppm vapor methanol, ethanol and NH3 gases. 
 
Conclusion  
ZnO nanostructure sheets were successfully synthesized by a low coast not require high technology equipment's simple 
one step and without catalyst or buffer layer on substrate before the reaction chemical method, with high quality product. 
The structure of ZnO is found to be wuartze compared with (ASTM) card. The structure parameters was estimated and 
found closed to typical results .also the micro strain and dislocation density was estimated and depend on the deposition 
condition such as the temperature and the size of the porous of the screen. The ratio of the organic binder to the material 
affects the adhesive of the film to the substrate. Also, the rate of the annealing temperature affects film adhesion. The 
prepared product looks to be promising in solar cell and gas sensors applications. Sensitivity of zinc oxide NRs films to 
100 ppm vapor methanol, ethanol and NH3 gas as a function of working temperature. As evident, the sensitivity increases 
with the temperature and reaches a maximum value in correspondence of T = 200-300 °C. If the temperature increases 
again, the sensitivity decreases. 
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